Biochemical metabolites are implicated in preeclampsia, which include elevated plasma concentration of Triglycerides (TG), Low Density Lipoprotein Cholesterol (LDLC), total lipids and reduced High Density Lipoprotein Cholesterol (HDLC) concentrations and significant reductions in fasting plasma glucose, and serum insulin homeostasis model of assessment. Vitamin D supplementation seems to be a possible target for intervention and possible improved pregnancy outcomes in preeclampsia. Therefore, this study aimed at determining the effects of Vitamin D supplementation on the Lipid Profile, and random plasma glucose levels of preeclamptic women in Ibadan, Nigeria. This interventional study was carried out at the Antenatal clinic of Obstetrics and Gynecology Departments of University College Hospital Ibadan and Adeoyo Maternity Clinic, Yemetu, Ibadan, Nigeria. 120 pregnant women aged 18 to 35 were recruited; 40 normotensive pregnant women served as control; 40 randomly chosen preeclamptic women were placed on oral vitamin D supplement of 1000 IU/day for 8 weeks and 40 preeclamptic women were given no supplement. Blood samples were taken at study baseline (22 weeks 
Introduction
Hypertensive disorders of pregnancy, including gestational hypertension, preeclampsia (PE), and eclampsia, are among the major complications that account for approximately 14% of maternal mortality worldwide [1] . Preeclampsia is the onset of a new episode of hypertension during pregnancy (with persistent diastolic blood pressure > 90 mm Hg) with the occurrence of substantial proteinuria (>0.3 g/24h) [2] . Though abnormal placentation exists from very early stages of the pregnancy, hypertension and proteinuria usually surface at 20 weeks and above of pregnancy [2] . The complications of preeclampsia include eclampsia, disseminated intravascular coagulation and the HELLP syndrome (hemolytic anemia, elevated liver enzymes, and low platelets [3] , hemorrhagic stroke, liver damage and dysfunction [4] ), intrauterine growth restriction (IUGR) and fetal death [5] . Vitamin D3, or cholecalciferol, is formed endogenously when 7-dehydrocholesterol in keratinocytes is converted to a seco- [6] . Vitamin D plays important role in modulating pro-inflammatory responses and decreasing oxidative stress in preeclampsia, promoting angiogenesis through VEGF and gene modulation, and decreasing blood pressure through the renin-angiotensin system (RAS) [7] [8] .
In previous studies, hypovitaminosis D has been associated with preeclampsia [9] [10], and early pregnancy dyslipidemia associated with an increased risk of preeclampsia [11] [12] . Low levels of HDL-Cholesterol may affect its ability to transport cholesterol from peripheral tissues to the liver where it can be excreted. The activation of lipoprotein which releases fatty acids is also altered. Triglyceride rich lipoprotein has a prothrombotic activity [13] and increase in triglycerides might shift the pattern of LDL subclass towards disproportionate increase in smaller denser, more allergenic LDL particles. Dyslipidemia might not just be a characteristic feature of preeclampsia but one of the causative factors predisposing to preeclampsia. A study involving about 23,000 pregnant women observed that taking a vitamin D supplement of 600 -800 IU/day reduced the chances of developing preeclampsia compared with women taking no supplement [14] . Vitamin D has also been shown to correlate with β-cell function and insulin resistance in humans [15] and abnormal glucose tolerance [16] .
A research work reported that consumption of 500 mg carbonate calcium plus 200 IU vitamin D3 in women with preeclampsia for 9 weeks resulted in decreased FPG and serum triglycerides levels as compared to the placebo group, but could not affect serum total-, HDL-, LDL-cholesterol levels [17] . Another study observed that taking combined cholecalciferol and calcium supplements, compared to placebo, in a similar study led to significant reductions in fasting plasma glucose (FPG) and increased serum high-density lipoprotein (HDL)-cholesterol [18] .
Till date, few intervention studies have been reported and the findings are inconsistent. It is therefore important to supplement preeclamptic women in this region with vitamin D and investigate the effect of this supplementation on their lipid profile and glucose metabolism.
Material and Methods

Study Design
This is an interventional study in which subjects were recruited from antenatal cording to the International Society for the Study of Preeclampsia. Blood pressure, Weight, Height were taken and body mass index calculated in all of the pregnant women at their visit at 22 weeks of pregnancy, using a standard analog sphygmomanometer, weighing balance and meter rule respectively. Questionnaires on socio demographic information, medical history, health behavior, diets and lifestyle were issued to them and informed consent form duly signed. Blood and urine specimens were taken randomly from each subjects starting from the 22nd week of gestation for analysis of Vitamin D, Random Blood Glucose and Lipid Profile. Subjects with preeclampsia were randomly grouped into Group B and C. The Group B were not supplemented, while 40 randomly chosen preclamptic women, were given oral vitamin D supplements of 1000 IU per day for the duration of 8weeks from time of recruitment (22 weeks). They were followed up during this supplementation period to ensure compliance. Blood samples were collected again from all the groups after 8 weeks of recruitment (Group A and B) at 3 rd trimester and supplementation (Group C), and 3 to five days postpartum. Samples for the analysis of vitamin D and Lipid Profile were stored at −80˚C at Institute for advanced Medical Research and Training (IMRAT) in University of Ibadan before analysis. The random blood glucose was evaluated immediately after collection of samples from each participants and results properly documented.
Sample Collection
10 mls of venous blood was collected from each participants thrice (at 22 weeks, 30 weeks and postpartum) after issuing them the informed consent form. 5 mls into Plain bottle, blood was allowed to clot, centrifuged and serum separated for analysis of Vitamin D, 3 mls into EDTA bottle, centrifuged and plasma separated for analysis of Lipid profile and 2 mls for random plasma glucose. Spot urine was collected for assessment of protein using urine dipstick.
Assessment of Anthropometric Measures
Anthropometric measurements were assessed at baseline (22 weeks of pregnancy). Body weight was taken without shoes and in a minimal clothing state by the use of a bathroom scale to the nearest 0.1 kg. Height was measured using a non-stretched tape measure to the nearest 0.1 cm. BMI was calculated as weight in kg divided by height in meters squared.
Biochemical Assessment
Vitamin D by Enzyme Linked Immunosorbent Assay as described by [19] .
Serum vitamin D status was defined as (in ng/ml): deficient (<10 ng/ml), Insufficient (10 ng/ml -30 ng/ml), Sufficient (30 ng/ml -100 ng/ml), according to Calbiotech Inc. 25(OH) Vitamin D Elisa kit used for this analysis.
Glucose status: By assessing plasma glucose, using glucose oxidase method described by [20] . 
Lipid profile:
Estimation of Plasma Cholesterol: Plasma Total cholesterol was analysed by the cholesterol CHOD-PAP method which is an enzymatic end point method [21] .
Estimation of Serum HD-LC: HDL in the sample was separated by precipitation through the procedure adopted by [22] .
Estimation of Serum Triglycerides: GPO-PAP method of Randox diagnostic kit [23] .
Calculation of LDL-C and VLDL-C: VLDL-C level in serum was derived by dividing serum triglycerides by 5 and LDL-C was obtained using Friedwald's formula [24] :
Total Cholesterol Triacylglycerol-HDL-cholesterol = −
Statistical Analysis
Statistical analysis was performed using Statistical Package for Social Sciences (SPSS) soft version 20.0. All data were expressed as mean and SD (Standard deviation). Test of significance for the differences between the means of two groups was assessed by T-test. ANOVA was used to compare the 3 groups. Data were analyzed at 95% confidence interval and P-values less than 0.05 (p < 0.05)
were considered statistically significant.
Results
The mean age of the normotensive and preeclamptic women was not statistically different (P > 0.05), while the systolic blood pressure, diastolic blood pressure and BMI of the preeclamptic groups were significantly higher than the normotensive group (P < 0.05). The gestation age at labour was significantly lower (P < 0.05) in preeclamptic groups when compared with the normotensive group.
However vitamin D supplementation had no effect on gestation age at labour (Table 1) .
There was a statistically significant decrease in serum Vit. D levels in the preeclamptic group (Group B and C) in 2 nd , 3 rd trimester, and 3 -5 days postpartum when compared to the normotensive group (Table 2 ).
There was a significant increase in Vitamin D levels after supplementation (3 rd trimester and postpartum) in Group C.
The mean plasma glucose level was significantly higher in the preeclamptic groups (Group B and C) at 2 nd , 3 rd trimester and postpartum when compared with control.
The mean plasma glucose level was not statistically different in 2 nd , third trimester, and postpartum in the control group while in Group B, there was a reduction in glucose levels at postpartum, when compared with third trimester.
The mean plasma glucose levels of the supplemented group was reduced after supplementation but was not statistically significant. A significant increase occurred in the levels of TG and LDLC levels while there was a significant decrease in HDLC levels, in the preeclamptic groups (Group B and C) at 2 nd trimester when compared with controls. No significant difference occurred in the levels of TC levels at 2 nd trimester in the three groups.
There was no significant difference in TC, TG, and HDLC levels at 2 nd , 3 rd trimester and postpartum in the control group, while a significant decrease occurred in LDLC in the 3 rd trimester which was not statistically different from levels at postpartum. After supplementation in the 3 rd trimester, there was a significant reduction in TC, TG, LDLC levels in group C, the levels of LDLC and TC postpartumly were not statistically different from third trimester while a significant increase occurred in HDLC levels which was not statistically different at postpartum. TG was significantly reduced at postpartum in the supplemented group.
Discussion
The significant increase in the levels of TG, LDLC levels and decreased HDLC levels, in the preeclamptic groups in 2 nd , third trimester and postpartum as observed in this study is in accordance with the work of [25] [26] . Dyslipidemia, which refers to raised levels of TC, TG and LDL-C and decreased levels of HDL-C may impair trophoblastic invasion thereby contributing to pathophysiological events that lead to the development of preeclampsia [12] . There are several mechanisms by which dyslipidemia may contribute to preeclampsia, according to Mikhail increased serum triglyceride levels in pregnancy leads to increased endothelial accumulation, which may result in endothelial dysfunction [27] . Hypertriglyceridemic dyslipidemia could also lead to development of atherotic changes in the spiral arteries as well as promote prothrombotic mechanisms [28] . Increased triglycerides in preeclampsia are likely to be deposited in uterine spiral arteries and contribute to the endothelial dysfunction characteristic of preeclampsia, through generation of small, dense LDL [29] [30] . Previous work has shown that LDL increases artery sensitivity to presser agents and inhibits endothelial-dependant vasodilatation. This may be a potential contributor to endothelial cell dysfunction as seen in preeclampsia [31] . Low HDL-C in preeclampsia can be as a result of insulin resistance and hypoestrogenemia [5] [32]. This study also observed that after supplementation with 1000 IU/day of Vit D, there was a significant reduction in TC, TG, LDLC levels in the preeclamptic group, while a significant increase occurred in HDLC levels and progressed postpartumly. This supports the findings of [33] [34] , suggesting that vitamin D may directly affect the regulation of lipids. Vitamin D insufficiency as observed in this study, may be associated with impaired b-cell function and insulin resistance which could affect lipoprotein metabolism and lead to an increase in TG level and a decrease in HDL-C level. 25 hydroxyvitamin D(25(OH)D) has been suggested to be involved in lipid metabolism which help to increase intestinal calcium absorption and thus the amount of absorbed calcium. An increased calcium content in the gut as a result of vitamin D supplementation increases the calcium binding of bile acids, and increases the conversion of cholesterol to bile acids, and cholesterol excretion [35] . Intracellular calcium in the liver can stimulate Microsomal Triglycerides Transfer Protein (MTP) which plays an important role in the formation and secretion of VLDL and thereby decrease serum triglycerides levels [36] . Therefore, as serum vitamin D levels increases, this can invariably reduce the levels of TC, LDLC in circulation and indirectly improve the endothelium function and prevent prothrombotic activities, thereby improving pregnancy outcome in preeclampsia. Other studies have proved that higher concentrations of 25(OH)D suppress serum PTH levels and since high level of parathyroid hormone (PTH) could result in increase in TG levels, vitamin D could influence TG concentrations by regulating PTH levels [37] .
A significant increase in random serum glucose in 2 nd and 3 rd trimester in preeclamptics as compared to the normotensives was observed in this study and a slight decrease in serum glucose after supplementation in the preeclamptics though not statistically significant was observed. Some studies have demonstrated an inverse relationship between serum vitamin D levels with fasting glucose [38] [39]. Anti-inflammatory state is related with insulin resistance as seen in preeclampsia. These cytokines, TNF-α and IL-6, are known to be released from adipose tissue [40] during inflammation and result in induction of insulin resistance and increased FPG [41] . Vitamin D has anti-inflammatory properties and suppresses the release of TNF-α and IL-6 [42] which might indirectly increase insulin sensitivity and then decrease serum glucose. Adequate vitamin D can also aid in the suppression of chronic inflammation and increased expression of the insulin receptor and/or proteins of the insulin signaling cascade [43] .
The insignificant decrease in glucose level after vitamin D supplementation might be because random plasma glucose was used in this study and not fasting glucose.
Conclusion and Recommendation
Dyslipidemia and impaired glucose metabolism is associated with an increased risk of preeclampsia. There is a link between vitamin D insufficiency, impaired lipid and glucose metabolism found in preeclampsia. Thus, this study has observed that an increase in serum vitamin D through prompt supplementation in preeclamptic women can help improve lipoprotein metabolism, thereby improving pregnancy outcome.
Vitamin D remains very relevant in cardiovascular diseases especially preeclampsia, and supplementation should be encouraged in preeclamptic women as early as first trimester till delivery.
